Introduction
Osteoarthritis (OA), which is estimated to affect 30.8 million adults in the US, or 13.4% of the US population, is the most common joint disorder in the US and is expected to become more prevalent as the population ages.
1-3 The disease is characterized by loss of articular cartilage, bone spur formation, and localized inflammation, which can cause Treatment guidelines for OA suggest patients first try non-pharmacologic interventions and then pharmacologic interventions. The Osteoarthritis Research Society International (OARSI), American College of Rheumatology (ACR), European League Against Rheumatism (EULAR), and National Institute for Health and Care Excellence (NICE) suggest that if able, patients try physical therapy, exercise, or weight loss (if the patient is obese or overweight) in the case of knee or hip OA. For pharmacologic intervention, guidelines suggest physicians prescribe acetaminophen, dependent on comorbidities and concomitant medication. If acetaminophen does not provide adequate relief, guidelines suggest physicians prescribe nonsteroidal anti-inflammatory drugs (NSAIDs) including cyclooxygenase-2 (COX-2) inhibitors. While both non-selective and COX-2 selective NSAIDs can cause serious side effects, patients in the latter group must be monitored closely for gastrointestinal, renal, and cardiovascular adverse events (AEs). 4, [11] [12] [13] [14] Celecoxib (Celebrex®, Pfizer, Inc., New York, NY, USA) is an NSAID that selectively inhibits COX-2, an enzyme responsible for induction of pain. 15 It is approved by the US Food and Drug Administration and indicated for the relief of various chronic musculoskeletal conditions including signs and symptoms of OA. 16 Celecoxib has been shown to be as effective as non-selective NSAIDs like naproxen and diclofenac, yet associated with fewer gastrointestinal side effects. 9, 15, 17, 18 To our knowledge, no studies have assessed the effects of starting OA medications earlier versus later, with respect to diagnosis, on outcomes. There are potential benefits of diagnosing and treating arthritis early; however, no studies provide supporting evidence in OA. The objectives of this study were, therefore, to describe treatment patterns in terms of time to start celecoxib and patient characteristics associated with early treatment, and subsequently evaluate the effect of initiating celecoxib early versus late among patients diagnosed with OA.
Methods

Data source
This was a retrospective cohort study using data from the 2009 to 2013 Truven MarketScan Commercial and Medicare Supplemental Database (MarketScan). MarketScan is a commercial claims database that contains patient-level demographic, diagnosis, inpatient, outpatient, procedure, prescription (via Red Book), 19 and payment information for millions of US patients with private and public health insurance. The longitudinal nature of this database allows patient care to be tracked from diagnosis to end of treatment, for multiple health care encounters. 19 Since the statistical analyses in this study utilized deidentified secondary data, institutional review board approval was not required.
study population
Adult patients with an OA diagnosis (International Classification of Diseases, 9th Edition, Clinical Modifications [ICD-9-CM] code 715.XX) were obtained from MarketScan. The patient's initial OA diagnosis (inpatient or outpatient) observed during the study period was defined as the index date ( Figure 1 ). To be included, patients had to be 18 years or older and have had continuous enrollment for at least 12 months before and after index date ( Figure 2 ).
Medication exposure
Celecoxib was identified in Red Book by searching for "celecoxib" in the generic drug name category, reflecting the only selective COX-2 inhibitor product available from 2009 to 2013. Time from index date until first prescription of celecoxib was dichotomized to define early and late celecoxib initiators. Early initiators were patients who filled their first prescription for celecoxib within the first 6 months of their index date. Late initiators were patients who filled their first prescription for celecoxib 6 months or more after their index date. Six months was chosen as the separator between early and late celecoxib initiation because a previous study by Essex et al identified 6 months as the maximum duration over which the efficacy of celecoxib has been assessed in a clinical trial for OA. 9 Additionally, database analyses of OA patients in the US and UK found that the majority of patients switched or discontinued OA treatment between 6 months and 1 year of treatment initiation. 20, 21 Proton pump inhibitors (PPIs) and pain medications were identified in Red Book. Pre-index and concomitant medication use (medication claim occurring between the first and last prescription fill for celecoxib) were identified, and dichotomized as any use, during the respective periods.
study outcomes
The primary outcomes of this study included health care resource utilization (HCRU) and associated costs. Incidences of all-cause and OA-related HCRU were measured 12 months 
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of interest that occurred during the follow-up period, stratified into time pre-and post-celecoxib initiation were compared between early and late celecoxib initiators. Events of interest included gastrointestinal bleeds (ICD-9-CM code: 578.9) and gastrointestinal perforation (ICD-9-CM codes: 569.83, 863.9), which were grouped into gastrointestinal events; myocardial infarction (MI; ICD-9-CM codes: 410-410.9, 412); and congestive heart failure (CHF; ICD-9-CM code: 428.0), grouped into cardiovascular events; and chronic nephritis (ICD-9-CM codes: 582-582.9), nephritis and nephropathy (ICD-9-CM codes: 583-583.7), chronic kidney disease (ICD-9-CM codes: 585-585.9), renal failure (ICD-9-CM code: 586), disorders resulting from impaired renal function (ICD-9-CM codes: 588-588.9), grouped into renal events. To be considered unique, gastrointestinal events must have occurred 7 days apart, 22 while cardiovascular events must have occurred 56 days apart to ensure it was not a readmission for the same cardiovascular event. 23 
statistical analyses
Unless otherwise stated, categorical statistics were described as frequency and proportion of the patient cohort, while continuous statistics were summarized as mean and standard deviation. After descriptively comparing characteristics between early and late initiators, multivariable logistic regression was used to find characteristics associated with early versus late celecoxib initiation. 24 The predetermined covariates used in the regression analysis included age, sex, payer, region, pre-index events measured during 12 month baseline period, pre-index use of PPIs, pain medication, and Charlson comorbidity index (CCI).
Unadjusted incidence of all-cause HCRU per person-year (including hospital admissions, length of stay, ER visits, and outpatient visits) was calculated as the total number of events divided by the total number of person-years follow-up within each OA cohort; the corresponding confidence intervals were then calculated using a Poisson distribution. 25 The incidence rate ratio of HCRU in the post-index period, controlling for pre-index HCRU rates, were calculated using a Poisson regression, 26, 27 adjusting for gender, age, pre-index events measured during 12 month baseline period, pre-index use of PPIs, and pre-index use of pain medication.
Unadjusted costs post-index were summarized per person-year. Additionally, the difference between early versus late initiator costs, and corresponding 95% confidence intervals were calculated. Adjusted costs were calculated using a generalized linear model with a gamma distribution, 26, 28 adjusting for age, sex, payer, region, pre-index events measured during 12 month baseline period, pre-index use of PPIs, pre-index use of pain medication, and CCI.
Unadjusted incidence rates for renal, gastrointestinal, and cardiovascular events were calculated as the number of events divided by 100 person-years of follow-up prior to and after celecoxib use. The corresponding 95% confidence intervals were calculated using a Poisson distribution. 25 The adjusted incidence rate ratio of events in the post-celecoxib period, controlling for pre-celecoxib event rates, was calculated using a Poisson regression, 26, 27 adjusting for gender, age, pre-index events measured during 12 month baseline period, pre-index use of PPIs, and pre-index use of pain medication.
Analysis in this paper was generated using SAS software version 9.4 and STATA software version 14.1.
Results
A total of 62,434 patients (27,402 early initiators; 35,032 late initiators) were eligible for inclusion. Both early and late celecoxib initiator cohorts were mostly females and had a mean age of 60 and 61 years old respectively (Table 1) . Early initiators experienced fewer pre-index gastrointestinal, cardiovascular, or renal events as well as lower PPI and pain medication use during the pre-index period when compared to late initiators. Additionally, early initiators experienced significantly lower pain medication use in the period from index date to celecoxib start than later initiators (22% versus 30%, P<0.001).
Medication exposure
The mean time to initiating celecoxib from index date was 1.8 months (standard deviation [SD] 1.8) in the early cohort and 18.3 months (SD 9.3) in the late cohort. About 32% of patients started celecoxib within 3 months of index date, while 39% started 12 months after index date (Figure 3) . After adjustment for other patient characteristics, older and female patients from the west and north central US were more likely to start celecoxib late (P<0.001 for both groups). Also, patients with pre-index pain medication prescriptions were more likely to start celecoxib late (P<0.001) ( Table 2) .
Resource utilization and costs
Across both early and late celecoxib initiators, hospital admissions, length of stay, and ER visits increased post-index as compared to pre-index (Table 3) . Pre-index, the proportion of patients with any HCRU (hospital admission, outpatient visit, or ER visit), was similar in early and late initiators; however, late versus early initiators had significantly higher outpatient visits per person-year (9.8 (Table 3) . Gastric, peptic, and duodenal ulcers, dyspepsia, gastrointestinal bleeding and perforations, inflammatory bowel disease, gastroesophageal reflux disease, diarrhea, constipation.
e Congestive heart failure, myocardial infarction, coronary heart disease, hypertension, peripheral vascular disease, pulmonary embolism, cerebrovascular disease (stroke and transient ischemic attack). f Acute and chronic renal disease, insufficiency, and failure. Abbreviations: Oa, osteoarthritis; POs, point of service; hMO, health maintenance organization; PPO, preferred provider organization; PPi, proton pump inhibitor; NSAID, nonsteroidal anti-inflammatory drug. a Gastric, peptic, and duodenal ulcers, dyspepsia, gastrointestinal bleeding and perforations, inflammatory bowel disease, gastroesophageal reflux disease, diarrhea, constipation.
b Congestive heart failure, myocardial infarction, coronary heart disease, hypertension, peripheral vascular disease, pulmonary embolism, cerebrovascular disease (stroke and transient ischemic attack). Rabeprazole, pantoprazole, esomeprazole, dexlansoprazole, lansoprazole. e nsaiD, narcotic analgesics, non-narcotic analgesics, salicylates analgesics, coformulated: nsaiD and opioid, nsaiD and PPi, nsaiD and h2 blockers. Abbreviations: PPO, preferred provider organization; POs, point of service; hMO, health maintenance organization; PPi, proton pump inhibitor; nsaiD, nonsteroidal anti-inflammatory drug. Table 3 incidence rates per person-year of all-cause hCRU in early versus late initiators from the pre-to post-index period 
Dovepress
219
Dovepress
Early versus late celecoxib treatment for osteoarthritis
219
CI: US$4,873, US$5,102) in early initiators. Although patients had very few inpatient visits, over 50% of all-cause costs were due to inpatient claims, while almost 80% of OA-related costs were due to inpatient claims.
aEs of interest
After adjustment for differences in key covariates, late initiators tended to have lower pre-and post-celecoxib AEs than early initiators (Table 4) . Early versus late initiators had a greater (although non-significant) reduction in incidence of cardiovascular clinical events (IRR: 0.92; 95% CI 0.73, 1.14) from 
Discussion
This study provides valuable insight into the economic burden associated with early versus late initiation of celecoxib among OA patients. Almost half of OA patients observed initiated celecoxib within 6 months, with older age, female gender, and prescription of pain medications before OA diagnosis submit your manuscript | www.dovepress.com
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Dovepress shelbaya et al 220 among characteristics most strongly associated with early celecoxib prescribing. The study suggests that early initiation of celecoxib was associated with lower resource use and costs compared to late initiators. Although, gastrointestinal, cardiovascular, and renal events were higher prior to initiating celecoxib and dropped after initiation in both early and late initiators, no difference in post-celecoxib event rates was found between early and late initiators after controlling for pre-celecoxib event incidence.
Appropriate disease management requires early OA diagnosis to make the most effective use of the many available treatments. Traditional pharmacologic treatments for OA have been facing increased challenges and limitations due to toxicity or loss of efficacy. Celecoxib is one of the newer agents to treat OA and a large number of randomized clinical trials have demonstrated its clinical efficacy, longterm safety, and generally better profile. 9, 17, [29] [30] [31] [32] Celecoxib's better AE profile may explain the decrease in AE incidence from the pre-to post-celecoxib period in both early and late initiators, as observed in this study.
For some patients, disease management may be heavily influenced by the economic burden of the treatment; previous studies have estimated the mean per patient OA-related costs to be between US$5,000 and US$7,000 per year. 5, 33 A recent systematic review concluded that the use of celecoxib resulted in lower direct medical costs (compared to nonselective NSAIDs alone or in combination with gastroprotective agents) based on the data from 24 studies. 34 Additionally, a prior analysis that examined the economic burden associated with patients who were persistent on celecoxib versus those who switched treatments using the MarketScan claims database found that celecoxib patients who switched to other treatments had significantly higher costs and health care resource use compared to those who continued to use celecoxib. 33 Similar results were seen in our analysis, where patients who started celecoxib treatment later (and may have used other medications prior to celecoxib) had significantly higher costs and health care resource use than those who started treatment early. However, in the authors' understanding, no studies to date have evaluated the impact of initiating celecoxib early or late on economic and clinical outcomes using large claims database.
It is important to interpret the study results in the context of limitations. First, the medications observed in the claims database represent the prescriptions fills, which may not reflect how the patients take the medications; similarly, our analysis does not include any over-the-counter pain medication use. Second, due to the lack of clinical details from using a claims database, there may be unobserved factors confounding the study results. In particular, exercise and weight loss may affect the severity of knee or hip OA, but information regarding these lifestyle changes is not available within claims databases. Third, given the nature of the retrospective analysis using a claims database, the causal relationship between the events evaluated here and celecoxib drug use cannot be defined. For example, attribution of events could be related to other medicines or comorbidities, and not the NSAID itself.
Conclusion
In real-world settings, 43.9% of patients initiated celecoxib within 6 months of OA diagnosis. Early initiation of celecoxib (relative to OA diagnosis) was associated with lower 
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economic burden compared to late initiation. This study did not find any statistically significant difference in observed post-celecoxib AEs between early versus late initiators after adjusting for pre-celecoxib event incidence; higher unadjusted pre-celecoxib event incidence in the early (versus late) initiators may suggest that this could be a driver of earlier prescribing of celecoxib. This study provides robust data and valuable information particularly on the economic outcomes associated with early as compared to late initiation of celecoxib using a large claims database.
